Introduction
The long-range van der Waals (vW) atom-surface attraction [1] tackles various fundamental problems, and imposes various constraints in the development of nanotechnologies, like the deposition of atoms in nanolithography. With regard to its universality and to the possibilities to achieve exotic situations [2] [3] [4] [5] , the experimental investigations have remained relatively limited and, in particular, the list of materials submitted to experimental investigation has remained short. Most of the experiments have employed an optical detection, hence requiring transparency of the surface (occasionally, a thin metal film provides a sufficient transparency [1, 6] ). To investigate these vW effects, we have developed for a long time selective reflection (SR) spectroscopy at a vapour interface [1] [2] [3] [7] [8] [9] [10] , a technique that typically probes the vapour at the interface on a depth λ/2π, with λ the optical irradiation wavelength, and more recently extended it to spectroscopy in a vapour nanocell [11] . Materials were limited to glass (fused silica), sapphire and YAG (for u Fax: +33-1 4940 3390, E-mail: bloch@lpl.univ-paris13.fr nanocells, to YAG and sapphire only). Alternate measurements were performed with cold atoms, at a glass interface or at an interface of a glass piece coated with a thin layer (see e.g. [11] for references). Extending the number of materials for the measurement of the vW interaction is of interest, especially when exotic effects such as vW repulsion [2, 3] occur for specific interfaces [2] [3] [4] [5] 12] .
A particular interest of fluoride crystals is that their surface resonances are located in the thermal infrared range. This makes them good candidates to investigate how the thermal emissivity of the surface influences the vW interaction exerted onto a resonantly absorbing atom: it is indeed expected that thermally populated surface polariton modes will virtually exchange energy with the neighbouring energy levels, so that a temperature-controlled resonant enhancement of the atom-surface interaction will occur, leading to a giant attraction or a possible repulsion [4, 5, 12] . To implement the corresponding SR experiments, that require both a relatively dense (hot) vapour of alkali (Cs in our case) and hot windows of a controllable temperature, a specially designed vapour cell must be built up. Indeed, fluoride materials are mechanically fragile and exhibit a large thermal expansion coefficient, making impractical most of the standard designs for glass or sapphire cells. In the present work, a prototype Cs vapour cell with a CaF 2 window was constructed (Sect. 2). A SR experiment on the D 1 resonance line (894 nm) was implemented (Sect. 3), in order to test the cell via the evaluation (Sect. 4) of the vW atom-surface interaction. Impurities having remained in the evacuation/filling up of the cell make the measurement more complex, but we show that the vW interaction exerted by the CaF 2 window can be reliably compared to the one exerted by a sapphire interface when recording and fitting simultaneously the two spectra.
Design of a cell with a CaF window
The vapour cell must obey the following requirements: it must be resistant to a high temperature (to warrant a sufficient density of Cs and for future experiments involving thermal emissivity), it must be evacuated to avoid unwanted collision broadening and shift and it has to be compatible with a CaF 2 window. We discuss below the available technologies before describing our cell. The current technology with glass blowing allows the convenient build up of sealed glass cells, resistant to a hot Cs vapour up to ∼ 200
• C, but it cannot be extended to the sealing of special crystalline windows. Sealed cells with a metallic housing and various windows such as sapphire or even fluoride windows can be prepared with commercial systems of windows soldered to a metallic mount; however, it is advised for the metal/window region not to exceed a maximal temperature of ∼ 200
• C. Alternatively, a metallic housing cell, with windows mechanically held by metal (copper) rings, is conceivable for a system under permanent evacuation but this makes it difficult to monitor the vapour pressure. Such a design, operative with materials of a sufficient mechanical resistance, is at a high risk with fragile fluoride windows.
All-sapphire cells [13] can be realized with a special mineral glue connecting a sapphire tube and sapphire windows, the cell being sealed after evacuation and introduction of the alkali metal. Such cells are resistant to very high temperature (up to ∼ 1000
• C with an appropriate cell design). Although sapphire windows can easily be replaced by non-birefringent YAG windows, such a replacement is not permitted for fluoride materials due to their mechanical fragility and to very different thermal expansion coefficients. In a similar manner, the mineral glueing technology cannot be extended to an allfluoride cell.
This led us to design our special cell on the basis of an allsapphire sealed cell, with a fluoride window inserted inside the tubing, mechanically maintained close to one of the windows. An issue for the observation of a SR signal at the CaF 2 interface is to make negligible the absorption in this interstitial region.
The cell (Fig. 1 ) has a T-shaped geometry, in order to allow for an independent control of the vapour density (through the temperature of the alkali-metal reservoir) and of the temperature of the window (controlled through the temperature of the cell body). It has two opposite windows, one of which is of YAG, and the other one of sapphire (⊥ c axis, to avoid birefringence). The CaF 2 window consists of a long (∼ 7 cm in our prototype cell) cylindrical piece. This allows the CaF 2 FIGURE 1 Scheme of the Cs vapour cell. In the top oven, the heating source is located in the left-and right-hand parts surrounding the connection to the Cs reservoir tube to accommodate a temperature gradient: the YAG window is maintained at room temperature outside the oven, so that the corresponding extremity of the CaF 2 tube remains cold, while the other extremity of the CaF 2 tube reaches an adjustable temperature (up to ∼ 350
• C) (Fig. 1) . This makes the free space between the CaF 2 window and the YAG window non-critical: indeed, at room temperature, the very low alkali-metal vapour density yields negligible effects on the transmission (conversely, in the absence of a temperature gradient, the SR signal at the CaF 2 interface is contaminated by the transmission signal of the interstitial volume for separation distances as short as 100 nm). To reduce still further this vapour density, and to avoid Cs condensation in the interstitial region, a cooled (∼ 5
• C) metal ring is usually set around the sapphire tubing.
As shown in Fig. 1 , the oven has a complex structure and is made of independent sections; each of them contains heating wires (structured in doubled coils to minimize the induced magnetic field). These wires are surrounded by thermally isolating bricks of alumina powder. Note that, as usual in the construction of a T-shaped all-sapphire cell, a convenient filling up of the cell reservoir imposes the bottom part of the reservoir to be of glass (and hence at T < 200
• C) but the Cs density is governed by the temperature of the upper free surface, i.e. the temperature of the oven T res . Also, the T-shape of the cell divides the heating wires in the top part of the oven (T windows ) into two independent subsections. This is the reason for a temperature gradient inside the top part of the oven (the temperature of the top part is monitored through two thermal probes located close to the two respective windows), that can be suppressed if sending independent currents in the heating wires, or if specifically adjusting the lengths of the wires. In view of experiments where the surface temperature could be varied while keeping constant the Cs density (in principle governed by the temperature in the Cs reservoir), the independence of the top and bottom sections of the oven was also tested. An adjustable temperature difference of 30-120
• C is currently obtained for the bottom part at 150-200
• C (we operate at a minimal ∼ 30
• C nominal difference because of the uncertainty in the temperature measurement). With an improved isolation between the oven sections, it should not be difficult to increase this relative independence to a larger scale, and the upper limit in temperature is essentially a matter of the outgassing conditions.
Although we could not find any data on the chemical resistance of fluoride windows to hot alkali vapour, and in spite of the possibility of a migration of fluorine atoms from heated fluoride materials, no special problems have been detected when repeatedly heating the cell up to ∼ 350
• C. Unfortunately, although a standard procedure was used for the cell outgassing, but maybe at a too limited temperature (350
• C, 10 h), some impurities were found in the only cell prototype available for a long duration. These impurities are responsible for a major (collision) broadening of the saturated absorption (SA) signal observed on the D 1 line of Cs (894 nm), turning it into a Doppler-broadened signal instead of a Doppler-free one. The expected sub-Doppler signal, that is nevertheless tiny and appears on a broad background (Fig. 2) , is recovered only with a fast modulation [14, 15] , that minors the influence of velocity-changing collision processes. As shown
